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By James W. U s e l l e r  and William E. M a l l e t t  
SUMMARY 
An i n v e s t i g a t i o n  of t h e  performance of t h e  J71-A2 (x-26) t u r b o j e t  
engine  and c o n t r o l  system was conducted i n  an NACA Lewis l a b o r a t o r y  
a l t i t u d e  t e s t  chamber. Data were obta ined  f o r  a range  of a l t i t u d e s  from 
20,000 t o  58,000 f e e t  a t  a f l i g h t  Mach number of 0 .9  and f o r  s e v e r a l  
f l i g h t  Mach numbers a t  an a l t i t u d e  of 45,000 f e e t .  Data approximating 
s e a - l e v e l  ope ra t i on  are a l s o  inc luded .  Engine component performance % 
d a t a  are p re sen t ed  i n  a d d i t i o n  t o  w indn i l l i ng ,  exhaust-nozzle,  and e j e c -  
t o r  performance. 
INTRODUCTION 
A t  t h e  r e q u e s t  of t h e  Bureau of Aeronaut ics ,  Department of t h e  Navy, 
an e x p l o r a t o r y  i n v e s t i g a t i o n  of  t h e  performance of t h e  J71-A2 t u r b o j e t  
engine  was made i n  an a l t i t u d e  t e s t  chamber a t  t h e  NACA Lewis l a b o r a t o r y .  
The d a t a  r e p o r t e d  h e r e i n  were ob ta ined  u s i n g  an engine c o n t r o l  system t o  
c o n t r o l  t h e  f u e l  f low and exhaust-nozzle  a r e a .  
The engine performance was obtained f o r  a range  of  engine r o t o r  
speeds f o r  a s e r i e s  of a l t i t u d e s  from 20,000 t o  58,000 feet  a t  a f l i g h t  
Mach number of  0 .9  and a t  s e v e r a l  f l i g h t  Mach numbers a t  an a l t i t u d e  of 
45,000. Engine performance was a l s o  obtained a t  cond i t i ons  approximating 
s e a - l e v e l  ope ra t i on .  A l l  ope ra t i on  was w i th in  t h e  schedule  of engine  
speeds and exhaust-gas  tempera tures  imposed by t h e  c o n t r o l  system. 
Engine-component performance d a t a  are a l s o  p re sen t ed  i n  a d d i t i o n  t o  
windmil l ing,  exhaust-nozzle ,  and e j e c t o r  performance d a t a .  
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APPARATUS AlW PROCEDURE 
Engine. - The J71-A2 (X-26) t u r b o j e t  engine  ( f i g .  1) has  a b i f u r c a t e d  
i n l e t ,  a 16-s tage  ax i a l - f l ow  compressor, a cannular - type  combustor w i t h  
1 0  c i r c u l a r  i n n e r  l i n e r s ,  a t h r e e - s t a g e  t u r b i n e ,  an a f t e r b u r n e r ,  and a 
v a r i a b l e - a r e a  i r i s - t y p e  exhaus t  nozz l e  provided w i t h  an e j e c t o r .  The 
engine  has  a m i l i t a r y  t h r u s t  r a t i n g  (nonaf te rburn ing)  of  10,200 pounds 
du r ing  ope ra t i on  a t  6100 rpm and a t u r b i n e  d i s cha rge  gas tempera ture  of  
1 2 1 0 ~  F at  s e a - l e v e l  , zero-ram cond i t i ons .  
To f a c i l i t a t e  a c c e l e r a t i o n  i n  t h e  engine-speed range  below 85 pe r -  
c e n t  of  r a t e d  speed,  t h e  engine i s  equipped w i t h  two-posi t ion compressor 
i n l e t  guide vanes and f o u r  a i r - b l e e d  p o r t s  at  t h e  compressor d i s cha rge .  
The guide vanes are c lo sed  and t h e  b l e e d  p o r t s  are open up t o  85 p e r c e n t  
of r a t e d  r o t o r  speed.  At  h ighe r  r o t o r  speeds,  t h e  p o r t s  are c lo sed  and 
t h e  gu ide  vanes assume t h e i r  normal p o s i t i o n .  
The engine  i s  equipped w i t h  an e j e c t o r .  The e j e c t o r  i n l e t  operated 
a t  a l t i t u d e  ambient p r e s s u r e  and n o  o u t s i d e  air f low was provided.  
In s t rumen ta t i on .  - Ins t rumenta t ion  f o r  measuring tempera tures  and 
p r e s s u r e s  w a s  i n s t a l l e d  a t  v a r i o u s  s t a t i o n s  throughout  t h e  engine as 
shown i n  f i g u r e  2.  The table accompanying f igureV2 i n d i c a t e s  - t h e  number 
and t y p e  o f  measurements ob ta ined .  A i r  f l ow  t o  t h e  engine was measured 
b y  means of a 27-inch-throat-diameter  v e n t u r i  s e c t i o n  upstream of  t h e  
engine  i n l e t .  
I n s t a l l a t i o n .  - The engine was mounted on a thrus t -measur ing  p l a t -  
form i n  an a l t i t u d e  t e s t  chamber. Engine- in le t  t empera tures  and p re s -  
s u r e s  were r e g u l a t e d  t o  s imu la t e  a l t i t u d e  f l i g h t  cond i t i ons  and t h e  engine 
exhaus t  opera ted  a t  t h e  s imula ted  a l t i t u d e  p r e s s u r e .  A photograph o f  t h e  
engine  i n s t a l l e d  i n  t h e  t es t  chamber is shown i n  f i g u r e  1. 
Procedure.  - Steady- s t a t e ,  nonaf te rburn ing  engine performance was 
obta ined  a t  t h e  fo l l owing  s imula ted  f l i g h t  cond i t i ons  f o r  a range of  
engine  r o t o r  speeds from 4200 ' t o  t h e  maximum pe rmi t t ed  by  t h e  J71-A2 
(X-26) engine  c o n t r o l  system: 
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The engine c o n t r o l  system was used throughout  t h i s  i n v e s t i g a t i o n  t o  
e s t a b l i s h  engine  speed and exhaust-gas  tempera ture .  The c o n t r o l  v a r i e d  
t h e  engine speed through fue l - f l ow  adjustment  and t h e  exhaust-gas tem- 
p e r a t u r e  by  exhaust-nozzle  area adjustment  accord ing  t o  a predetermined 
schedule  e s t a b l i s h e d  by t h e  manufacturer .  
The f u e l  used throughaut  t h i s  i n v e s t i g a t i o n  conformed t o  t h e  spe-  
c i f i c a t i o n s  f o r  MIL-F-5624a, g rade  JP-4, and had a lower h e a t i n g  va lue  
of 18,700 Btu p e r  pound and a hydrogen-carbon r a t i o  of 0.171. 
A l i s t  of  t h e  symbols used h e r e i n  is contained i n . t h e  appendix and 
a t a b u l a t i o n  of  t h e  d a t a  ob ta ined  i s  p re sen t ed  i n  t a b l e  I. 
DATA PRESENTATION 
Engine Performance 
The engine  performance c h a r a c t e r i s t i c s  o f  t h e  J71-A2 (x-26) tu rbo-  
jet engine o p e r a t i n g  wi thout  t h e  a f t e r b u r n e r  were determined f o r  a range  
of  a l t i t u d e s  from 20,000 t o  58,000 feet  at  a f l i g h t  Mach number of  0 .9  
and are presen ted  i n  f i g u r e  3 as a f u n c t i o n  of engine r o t o r  speed. Data 
obta ined  a t  cond i t i ons  approximating s e a - l e v e l  opera t ion  ( a l t i t u d e  of 
3000 f t  a t  a f l i g h t  Mach number of 0.4) have been included f o r  compara- 
t i v e  purposes .  Data are a l s o  shown f o r  engine c o n t r o l  t h r o t t l e  s e t t i n g s  
greater than  s t anda rd  (90') i n  o rde r  t o  determine i f  t h e  c o n t r o l  w i l l  
main ta in  engine opera t ion  a t  t h e  90' r a t e d  performance cond i t i on .  These 
d a t a  have been a d j u s t e d  t o  NACA s t anda rd  a l t i t u d e  cond i t i ons  of p r e s s u r e  
and tempera ture  f o r  t h e  f l i g h t  cond i t i ons  i nd i ca t ed  t o  e l i m i n a t e  small 
d e v i a t i o n s  i n  s e t t i n g  t es t  cond i t i ons .  The u s e  of t h e  v a r i a b l e - a r e a  
exhaus t  #nozz le  precluded g e n e r a l i z a t i o n  o f  t h e s e  d a t a  a t  s e a - l e v e l ,  
s t a t i c  cond i t i ons ,  and t h e  f a c t  t h e  t h e  engine c o n t r o l  ope ra t i on  was  
based on a c t u a l  r o t o r  speed made it d e s i r a b l e  t o  cons ider  t h e  perform- 
ance  as a f u n c t i o n  of  t h e  a c t u a l  r o t o r  speed a t  a l t i t u d e .  
It w i l l  be noted t h a t  no engine  performance d a t a  were ob ta ined  a t  
r a t e d  speed and exhaust-gas  temperature .  The engine  c o n t r o l  system 
l i m i t e d  ope ra t i on  t o  t h e  speeds and tempera tures  shown i n  t h e  f i g u r e s  
p r e s e n t i n g  p e r f  ormance d a t a .  
The e f f e c t  of  vary ing  f l i g h t  Mach number on t h e  normal engine pe r -  
formance is shown i n  f i g u r e  4  f o r  f l i g h t  Mach numbers from 0.9 t o  1.3 
du r ing  opera t ion  a t  an a l t i t u d e  of  45,000 feet .  
Component Performance 
The performance of t h e  major engine components is  presen ted  i n  f i g -  
u r e  5 f o r  a range  o f  a l t i t u d e s  and a f l i g h t  Mach number of  0.9. The 
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compressor and combustor performance have been co r rec t ed  t o  s e a - l e v e l  
cond i t i ons  t o  permi t  genera l iza . t ion  of t h e  d a t a .  The t u r b i n e  perform- 
ance was c o r r e c t e d  t o  s tandard  p re s su re  and temperature cond i t i ons  at  
t h e  t u r b i n e  i n l e t .  
The v a r i a t i o n  of t h e  exhaust-nozzle  a r e a  as governed by  t h e  engine 
c o n t r o l  system is shown i n  f i g u r e  6 .  The engine conf igu ra t ion  i n v e s t i -  
ga ted  included t h e  a f t e r b u r n e r  ( i nope ra t ive )  and t h e  e j e c t o r .  No out-  
s i d e  a i r  f low w a s  suppl ied  t o  t h e  e j e c t o r ,  b u t  it was.allowed t o  i n g e s t  
a . i r  a t  t h e  a l t i t u d e  ambient p re s su re  cond i t i ons .  The q u a n t i t y  of e j e c t o r  
a i r  f low as determined dur ing  nonaf te rburn ing  opera t ion  is  shown i n  f i g -  
u r e  7. The f r a c t i o n  of t h e  compressor a . i r  f l ow t h a t  w a s  d i v e r t e d  from 
t h e  engine by  t h e  compressor d ischarge  b l eeds  when t h e  b l eed  p o r t s  were 
open (below r o t o r  speeds of 5170 rpm) is  shown i n  f i g u r e  8. The wind- 
m i l l i n g  speeds of t h e  engine a t  each of s e v e r a l  f l i g h t  Mach numbers up 
t o  1 . 0  a r e  shown i n  f i g u r e  9  f o r  t h r e e  a l t i t u d e s .  
Lewis F l i g h t  Propulsion Laboratory 
Nat iona l  Advisory Committee f o r  Aeronaut ics  
Cleveland,  Ohio, August 19 ,  1954 
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APPENDIX - SYMBOLS 
The following symbols a r e  used on t he  t a b l e  and the  f igures :  
A area ,  sq  f t  
Fj j e t  t h r u s t ,  l b  
Fn ne t  t h ru s t ,  l b  
M Mach number 
N engine r o t o r  speed, rpm 
P t o t a l  pressure ,  lb / sq  f t  
s f c  spec i f i c  f u e l  consumption, lb / (h r )  ( l b )  
T t o t a l  temperature, OR 
'a air flow, lb/sec 
'f f u e l  flow, ~ b / h r  
Wg weight flow, lb/sec 
P correction f a c t o r  fo r  va r ia t ion  of spec i f i c  heats ,  - 
'a r a t i o  of t o t a l  pressure t o  NACA standard s t a t i c  pressure at in-  
dicated f l i g h t  condition 
1 .  r a t i o  of t o t a l  pressure t o  s t a t i c  sea- level  pressure,  ~ / 2 1 1 6  
rl eff ic iency,  percent 
@a r a t i o  of t o t a l  temperature t o  NACA standard s t a t i c  temperature a t  
indicated f l i g h t  condition 
es.l. r a t i o  of t o t a l  temperature t o  s t a t i c  sea- level  temperature, ~ 1 5 1 9  
Y r a t i o  of spec i f i c  heats  
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S u b s c r i p t s  : 
a a l t i t u d e  
b c ombu s t  o r  
c c ompres s o r  
s.1. sea l e v e l  
t t u r b i n e  
0 free stream 
2 compressor  i n l e t  
3 compressor  d i s c h a r g e  
4 t u r b i n e  i n l e t  
5 t u r b i n e  d i s c h a r g e  
9 e x h a u s t - n o z z l e  i n l e t  
S u p e r s c r i p t  : 
+ NACA s t a n d a r d  s e a - l e v e l  c o n d i t i o n  
NACA RM SE54H06 
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TABLE I. - PRELININARY ALTITUDE PERFC%?MANCE DATA OF J71-A-2 (x-26) TURBOJET ENGINE 
Run Altitude, Flight 
ft Mach 
number 
1 3000 0.363 
2 3000 ,387 
3 3000 ,391 
4 3000 ,376 
5 3000 ,376 
6 3000 0.374 
7 3000 ,372 
6 3000 ,376 
9 3000 ,376 
10 3000 .391 
11 23,000 0.899 
12 21,700 ,690 
13 21,600 .897 
14 22,200 ,906 
15 21,750 ,686 
16 21,600 0.897 
17 21,900 ,893 
16 23.000 .896 
19 23,000 .a94 
20 21,900 .896 
21 21,900 0.900 
22 21.950 ,902 
23 21,950 .OM 
24 34,800 ,894 
25 34,900 ,897 
26 34,900 0.897 
27 34,900 ,904 
26 34,900 ,697 
29 34,600 ,693 
30 34,900 ,696 
31 34,800 0.696 
32 34,800 ,893 
33 34,800 ,899 
34 34.800 .696 
35 35,000 ,911 
36 34,800 0.696 
37 35,000 ,904 
38 46,300 ,910 
39 46,000 ,907 
40 44,300 ,872 
41 45,300 0.910 
42 45,300 ,907 
43 45,200 ,904 
44 45,300 ,908 
45 45,200 ,915 
46 45,100 1.207 
47 45,100 1.208 
ature, 
Ib/aq ft 
Turbine- 
inlet total
1643 
1454 
.-.- I iiii 
1.46 4726 (a) 
4.46 4227 t 
2.81 6039 102 
2.835 6019 99 
2.79 5996 104 
2.74 5692 --- 
2.96 5712 
4.47 5162 
2.79 5867 739 
741 
4.33 5172 746 
645 
2.810 
844 
3.00 5709 
846 
3.475 5526 
847 
646 
4.160 5283 (a) 646 
2.66 6021 100 405 
2.66 8018 101 396 
2.66 6014 104 405 
2.79 5993 104 406 
406 
3.46 4 29 5223 396 
2.78 6005 104 269 
'~hrottle Betting angle less than 90'. 
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Engine stat ion ? 
Venturi 
section 
.c-- 
Turbine 
Venturi 
2 
3 
4 
5 
9 
10 
11 
Station 
1 I I I I 
a - 12 Allison and 25 NACA thermocouples. 
b - 9 Total- and 3 static-pressure probes in ejector passage. 
c - 14 In primary passage and 3 in ejector. 
Figure 2. - Schematic diagram of J71-A2 turbojet engine showing instrumentation stations. 
Total 
pressures 
Static 
pressures 
Temperatures 
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16 0 Solid symbols denote 
throttle settings 
greater than 90° 
---- Compressor-inlet guide 
140 Compressor inlet guide 
vanes open and bleed 
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Engine rotor speed, N/&, rpm 
(a) Air flow. 
Figure 3. - Variation of engine parameters with.rotor speed 
for a range of altitudes. Flight Mach number, 0.9. 
Engine rotor  speed, N/&, rpm 
(b) Fuel flow. 
Figure 3. - Continued. Variation of engine parameters with 
rotor  speed fo r  a range of al t i tudes.  Flight Mach number, 
0.9. 
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(c  ) Exhua.st-gas temperature. 
Figure 5. - Continued. Variation of engine parameters with 
ro to r  speea f o r  a range of a l t i t u d e s *  F l igh t  Mach number, 
0.9, 
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(d)  Net thrust .  
Figure 3. - Continued. Variation of engine parameters with 
rotor  speed fo r  a range of al t i tudes.  Flight Mach number, 
0.9. 
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Engine ro tor  speed, I?/&, r p m  
(e )  Specific fue l  consumption. 
Figure 3. - Concludede %w-ietioa of engine parameters w i t h  
rotor  speed f o r  a range of a l t i tudes .  Fl ight  Mach nmber, 
0.9. 
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Figure 4. - Continued. Variation of engine parameters with ro tor  speed f o r  
a range of flight Mach numbers. Altitude, 45,000 f e e t .  
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Corrected engine rotor speed, M/ -,/=. , r p m  
(a)  Compressor. 
Figure 5. - Component performance characterist ics for  a range of corrected 
rotor speeds and a l t i tude  - . f l igh t  conditions. Flight Mach number, 0.9. 
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Corrected engine ro to r  speed, ~ / d 8 ~  rpm 
(b  ) Engine combustor. 
Figure 5. - Continued. Component performance cha rac te r i s t i c s  
f o r  a  range of corrected r o t o r  speeds and a l t i t u d e  f l i g h t  
condit ions.  F l igh t  Mach number, 0.9, 
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Engine ro to r  speed corrected t o  turbine  i n l e t ,  ~/del;, rpm 
(c )  Turbine 
Figure 5. - Concluded. Component performance charac te r i s t i c s  
f o r  a range of corrected r o t o r  speeds and a l t i t u d e  f l ight  
conditions. F l i g h t  Mach number, 0.9. 
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Engine r o t o r  speed, N/-, rpm 
Figure 6. - Variation of exhaust-nozzle a r ea  with ro to r  speed 
as governed by X-26 engine control  system f o r  range of 
a l t i t u d e s .  F l i gh t  Mach number, 0,9, 
Engine rotor speed, N/&, rpm 
Figure 7.  - Ratio of e jector  inducted air flow t o  engine air flow during 
nonafterburning operation of engine at  various a l t i tudes .  Flight Mach 
number, 0.9. 
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A b s t r a c t  
D a t a  were  o b t a i n e d  i n  a n  a l t i t u d e  t e s t  chamber f o r  a r a n g e  of a l t i -  
t u d e s  f rom 20,000 t o  58,000 f ee t  a t  a f l i g h t  Mach number o f  0 .9 ,  a.nd f o r  
s e v e r a l  f l i g h t  Mach numbers a t  an  a l t i t u d e  o f  45,000 f ee t .  Da,ta a p p r c x i -  
making s e a - l e v e l  o p e r a t i o n  are a l s o  i n c l u d e d .  Engine  component pe r fo rm-  
a n c e  da . ta  are presen-ced i n  a d d i t i o n  t o  w i n d m i l l i n g ,  exhaus t -nozz le ,  and 
e j e c t o r  pe r fo rmance .  
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